Air pollution and PEF measurements of children in the vicinity of a steel works by Oravisjärvi, Kati et al.
Boreal environment research 13: 93–102 © 2008
issn 1239-6095 (print) issn 1797-2469 (online) helsinki 28 april 2008
air pollution and PeF measurements of children in the 
vicinity of a steel works
Kati oravisjärvi1), arja rautio2)3), Juhani ruuskanen4), Pekka tiittanen5) and 
Kirsi l. timonen5)6)
1)
 Department of Process and Environmental Engineering, FI-90014 University of Oulu, Finland
2)
 Department of Pharmacology and Toxicology, FI-90014 University of Oulu, Finland
3)
 Centre for Arctic Medicine, Oulu, Finland
4)
 Department of Environmental Sciences, University of Kuopio, FI-70211 Kuopio, Finland
5)
 Unit of Environmental Epidemiology, National Public Health Institute, FI-70701 Kuopio, Finland
6)
 Department of Clinical Physiology and Nuclear Medicine, Kuopio University Hospital and Kuopio 
University, FI-70211 Kuopio, Finland
Received 10 Apr. 2007, accepted 5 Sep. 2007 (Editor in charge of this article: Veli-Matti Kerminen)
oravisjärvi, K., rautio, a., ruuskanen, J., tiittanen, P. & timonen, K. l. 2008: air pollution and PeF 
measurements of children in the vicinity of a steel works. Boreal Env. Res. 13: 93–102.
The effects of short-term changes in particulate air pollution on the respiratory health of 
symptomatic children living near a steel works at Raahe, Finland, were assessed to deter-
mine whether particulate air pollution is associated with adverse respiratory effects, and 
whether specific sources of air pollution are responsible for these effects. A screening ques-
tionnaire on respiratory symptoms was distributed to 1355 primary school children during 
the winter, asking about lower respiratory symptoms (wheezing, attacks of wheezing, dry 
cough, asthma). 56 symptomatic children (34 with asthma and 16 with dry cough) were 
followed up for four months with measurements of daily peak expiratory flow (PEF). The 
acute effects of inhalable particles (PM
10
), fine particles (PM
2.5
), elements (Al, K, Cu, Zn, 
SO
4
2–) and sulphur dioxide (SO2) were estimated by linear first-order autoregressive model. 
Mean daily PM
2.5
 concentrations were 10 µg m–3. Most regression coefficients between 
air pollution and morning and evening PEF were negative but not statistically significant. 
There was no statistically significant association between particulate air pollution and res-
piratory health among these symptomatic children. The only significant association was 
between Cu lag 3 (three days before) and morning PEF, it is difficult to assess, the meaning 
of this association, because the other variables related to Cu had no significant associations 
with morning or evening PEF. The significance of this observation therefore requires con-
firmation and further investigation.
Introduction
Particulate air pollution has been associated with 
numerous harmful health outcomes, but the exact 
mechanisms are still unclear. One hypothesis is 
that the chemical composition of the particles 
plays a roll, especially in the case of transition 
metals (EPA 2001, Wilson et al. 2002).
There is consistent evidence that the levels 
of PM
10
 particulate matter (with an aerodynamic 
diameter less than 10 µm) in the air are associ-
ated with the rate of death from all causes and 
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from cardiovascular and respiratory illnesses in 
adults or elderly people (Gold et al. 2000, Samet 
et al. 2000, Penttinen et al. 2001, Chalupa et al. 
2004). Low levels of PM
10
 have been shown to 
be associated with respiratory health problems 
among children with asthmatic symptoms in 
Kuopio, Finland (Timonen et al. 1998), and 
associations between high PM
10
 concentrations 
and increased respiratory symptoms and use of 
medication among children have been found 
near an old integrated steel mill in Utah Valley, 
USA (Pope et al. 1991, Pope and Dockery 1992). 
As in Kuopio, children with chronic respiratory 
conditions suffered more serious acute health 
effects than asymptomatic children (Pope and 
Dockery 1992, Timonen and Pekkanen 1997).
Iron and its compounds, when present as pol-
lutants in the atmosphere, can be deleterious to 
humans, animals and materials. The inhalation 
of iron oxide fumes or dust by workers in the 
metal industries may result in the deposition of 
iron particles in the lungs, producing an X-ray 
appearance resembling silicosis. Some studies 
concerning the urban air have shown that the 
iron content averages 1.6 µg m–3 and in those 
studies the iron and steel industry was probably 
the most likely source of such emissions (Gurzau 
et al. 2003). Iron concentrations of PM
2.5
 parti-
cles (with an aerodynamic diameter less than 2.5 
µm) have been measured in the ambient air of 
the following cities: Amsterdam, the Netherlands 
(0.02–0.4 µg m–3), Helsinki, Finland (0.02–0.3 
µg m–3) (Janssen et al. 2005) and Kuopio, Fin-
land (0.002–2.8 µg m–3) (Hosiokangas et al. 
2004).
Our aim was to study the effects of short-
term changes in air pollution, especially par-
ticulate air pollution, on the respiratory health 
of symptomatic children living near a large steel 
works. We also wanted to examine whether spe-
cific sources of air pollution could be shown to 
be responsible for the possible health effects.
Materials and methods
The Raahe area
The investigation was carried out in Raahe 
(64°41´N, 24°29´E, 8 m above the sea level), a 
town of 23 000 inhabitants in western Finland 
(Fig. 1). The town has the largest individual 
steel works in the Nordic Countries, and one of 
the largest in Europe, consisting of a sintering 
plant, two blast furnaces, a coking plant, a steel 
smelting plant, rolling mills, an oxygen plant 
and lime-burning kilns. There are also two slag 
heaps on the site, together with storage areas 
for limestone, olivine, coke, coal, scrap and iron 
ore concentrate. The five main PM
2.5
 emission 
sources are the long-range transport, sintering 
plant at the steel works, steel smelting plant, 
soil and street dust, and mechanical engineering 
works (Oravisjärvi et al. 2003).
Finland has a four-season climate. During 
the cold period in winter (January to March) low 
temperatures and wind speeds may cause inver-
sion episodes with elevated air pollution levels. 
The ground is usually covered with snow from 
November to April.
Target population
A screening questionnaire on respiratory symp-
toms was distributed in Raahe to 1355 primary 
school children aged 6 to 13 years through their 
schools in November 1997, to be completed by 
their parents. 1172 children (86%) returned the 
questionnaire, and a total of 126 children with 
Fig. 1. the raahe area: (1) steel works; (2) weather 
station of steel works; (3) town centre; (4) settled area 
situated closest to steel works; (a), (B), (c); schools 
and (X) monitoring site.
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chronic respiratory symptoms (67 with asthma 
and 59 children with cough only) were asked to 
participate in the study. Fifty-six of these (44%, 
37 with asthma and 19 with cough only) agreed 
to do so and started measuring daily PEF and 
keeping a diary on respiratory symptoms from 
the beginning of January 1998. In the end 50 
children (89%, 34 with asthma and 16 with cough 
only) had valid PEF and symptom data for more 
than 60% of the days, and it is these who were 
included in the present analyses. Thirty-two chil-
dren (19 with asthma and 13 with cough only) 
were also characterized by vitalography. All the 
children were from three schools located between 
the centre of Raahe and the steel works and fairly 
close to the air pollution measurement site (Fig. 
1). The protocol followed the methods used in the 
PEACE panel study in Kuopio, Finland (Timo-
nen et al. 1998), and was approved by the Ethi-
cal Committees of the University of Kuopio and 
Kuopio University Hospital. Written consent was 
obtained from the parents of the children.
Screening questionnaire
The screening questionnaire, the same as in 
the PEACE study, was an adapted version of 
previously used questionnaires: a World Health 
Organization questionnaire for assessing respira-
tory symptoms in children and a questionnaire 
developed at the University of Groningen, the 
Netherlands, based on the American Thoracic 
Society questionnaire for children (Brunekreef et 
al. 1992, Brunekreef 1993, Timonen et al. 1997). 
A child was considered eligible if at least one of 
the following had been reported: chronic respira-
tory symptoms (including wheezing) in the pre-
vious 12 months, an attack of shortness of breath 
with wheezing in the previous 12 months, dry 
cough during the night (other than in connection 
with colds) in the previous 12 months, or doctor-
diagnosed asthma at any time. The screening 
questionnaire contained 20 questions in total.
PEF measurements and symptom diaries
The children were followed for up to 3.5 months 
in the winter of 1998. Acute changes in respira-
tory health were measured in terms of changes in 
peak expiratory flow (PEF). The children meas-
ured their PEF rate three times every morning 
(06:30–10:00) and every evening (18:00–21:00) 
with a Spira Peak Flow Meter (Spira Oy, Fin-
land) while in a sitting position, before eating 
any food or taking any respiratory medication. 
All three PEF readings were noted in a diary, and 
the highest of the three in each case was used 
for the analyses (Brunekreef 1993, Timonen and 
Pekkanen 1997).
The children also kept a daily diary on respi-
ratory symptoms, with help from their parents. 
The following symptoms were reported: cough, 
phlegm, runny or stuffy nose, breathing prob-
lems on waking, shortness of breath, wheezing, 
attacks of shortness of breath with wheezing, 
fever, eye irritation and sore throats. At the 
beginning of the study a group of asthma nurses 
advised the children and their parents on how the 
use a PEF meter and keep the necessary diary. 
Vitalography
The children with respiratory symptoms were 
also characterized by vitalography (Vitalograph-
Alpha, program no. 60.251). The children were 
in a standing position and were using a nose 
clip. The largest values for forced vital capac-
ity (FVC) and forced expiratory volume in one 
second (FEV
1
) were selected from a minimum of 
three valid expiratory recordings.
Air pollution and weather data
Daily concentrations of PM
2.5
 and PM
10
 particles 
and sulphur dioxide (SO2) and the reflectance of 
PM
2.5
 filters were monitored and the concentra-
tions of 31 elements in the PM
2.5
 filters analysed. 
The filters were analysed at the Chemical Labo-
ratory of the Geological Survey of Finland using 
an inductively coupled plasma mass spectrometer 
(ICP-MS). The air pollution monitoring site was 
situated between the steel works and the centre 
of Raahe, 24 metres from the nearest street. The 
average daily volume of traffic on the streets was 
quite low, about 4000–5000 vehicles. Detailed 
descriptions of the sampling, analyses and qual-
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ity control procedures have been presented in a 
recent paper (Oravisjärvi et al. 2003).
Meteorological parameters (wind speed, wind 
direction, temperature, air pressure and humid-
ity) were monitored by the municipal weather 
station located at the same site, and data from 
a nearby weather station belonging to the steel 
works were also used (Fig. 1). Mean values of 
the parameters for 24 hours were calculated from 
the one-hour mean readings. Daily pollen counts 
collected with a Burkard volumetric pollen trap 
were obtained from the Finnish Aerobiology 
Group (Anon. 1998), the nearest sampler for 
which was located in the city of Oulu, about 75 
km from Raahe and also on the coast.
Monitoring period
The monitoring period, from mid-winter to early 
spring, was chosen because the snow on the 
ground blocks out soil as an emission source, and 
also enables both the pollen season and the dust 
episodes that occur in subarctic regions every 
spring to be avoided. Ambient air measurements 
and PEF measurements were started on 8 January 
and ended on 19 April 1998. To allow for learn-
ing effects in the PEF measurements, the analy-
ses were started only on 14 January. Days when 
a child had been out of the Raahe area for more 
than eight hours and days when a child’s largest 
PEF reading was more than 40% above the same 
child’s mean value were excluded. The period 
included an influenza epidemic which lasted from 
16 February to 15 March 1998, and information 
on this was obtained from the infectious disease 
register of the National Public Health Institute 
and the City of Helsinki Health Department.
Statistical methods
The daily mean PEF deviation was calculated for 
the morning and evening PEF by first calculat-
ing a mean morning and evening PEF value for 
each child and then subtracting this from each of 
child’s daily morning and evening PEF values. 
These daily PEF deviations were then averaged 
to obtain the daily mean deviation of morning and 
evening PEF in the panel. Associations between 
daily mean PEF deviations and air pollutants 
were analysed with a linear first-order autoregres-
sive model, taking the time trend, relative humid-
ity, temperature, influenza epidemic and holidays 
as potential confounders. The day of study and 
the day of study squared were used to model the 
long-term time trend. The relative humidity and 
temperature figures used in the analyses were the 
averages for the previous day (lag 1).
The concentrations of airborne pollutants 
during the last 24 hours (lag 0), on the previous 
day (lag 1), two days before (lag 2), three days 
before (lag 3) and four days before (lag 4), as 
well as the average concentrations during the four 
previous days (D 4), were added to the model 
one at a time. The airborne pollutants considered 
were PM
2.5
, PM
10
, reflectance of the PM
2.5
 filters, 
SO
4
2– and the elements Fe, Al, Cu, K and Zn. The 
last four of these elements and SO
4
2– had been 
found to be markers of the main sources of pol-
lution in the urban air of Raahe (Oravisjärvi et al. 
2003). The statistical analyses were performed 
using SPSS/PC+ 5.0 software (Norušis 1992).
Results
Temperature and air pollutant 
concentrations
The monthly average temperatures in Raahe 
were –6.5 °C in January 1998, –10.7 °C in Feb-
ruary, –6.1 °C in March and –4.1 °C in April. 
The coldest daily-average temperature, –22.8 °C, 
was measured on 4 and 16 February, and the 
lowest hourly-minimum temperature, –26.4 °C, 
was observed on 16 February (Fig. 2).
The PM
2.5
 concentration varied from 2.4 to 
30 µg m–3 with a mean of 10.1 µg m–3, while 
the respective values for the PM
10
 concentration 
were 1.2 to 79.3 µg m–3 and 16.5 µg m–3. The 
daily-mean SO2 concentration was 4.5 µg m–3 
and it varied from 0.1 to 29.1 µg m–3 (Fig. 2).
Questionnaire on respiratory symptoms
The prevalence of a doctor’s diagnosis of asthma 
at any time among the primary school children 
was 5.7% (Table 1), 5.5% were reported to have 
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had wheezing and 4.3% shortness of breath with 
wheezing during the past 12 months and 14% 
had had a dry nocturnal cough within the same 
period. Boys were more often reported to have 
chronic respiratory symptoms than girls.
PEF and air pollution
The influenza epidemic that lasted from 6 Feb-
ruary to 15 March 1998 somewhat reduced the 
morning and evening PEF values (Fig. 2).
Most of the regression coefficients for morn-
ing and evening PEF with PM
2.5
 and PM
10
 were 
negative but not statistically significant (Table 
2). Similarly, no significant associations were 
found between PEF and the reflectance of the 
PM
2.5
 filters (Table 2). There was no clear pattern 
in the associations between respiratory symp-
toms and Fe (Table 3).
PEF and source markers
No significant associations were found between 
respiratory symptoms or PEF and the concen-
trations of the source markers used as exposure 
estimates, i.e. Al, K, Cu, Zn and SO
4
2– (Table 
3), except in the case of Cu (lag 3), for which 
morning PEF showed a statistically significant 
Fig. 2. Daily levels of Pm2.5 (µg m–3), Pm10 (µg m–3), 
so2 (µg m–3), temperature (°c) and mean daily devi-
ation in morning (mDev) 
and evening (eDev) 
peak expiratory flow rate 
(l min–1) during the period 
(14 Jan.–19 apr. 1998).
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association. It is difficult to assess the mean-
ing of this association, however, as there were 
no significant association between morning or 
evening PEF and any of the other Cu variables 
(lag 1, lag 2, lag 4 or D 4). Also, the regression 
coefficient with Cu (lag 3) was positive whereas 
all the others were negative.  
Vitalography
Thirty-two of the children with respiratory symp-
toms were also characterized by vitalography. 
The mean (SD) values for the vitalographic lung 
function parameters were FVC 2.40 (0.82) L 
and FEV
1
 2.06 (0.66) L among the children with 
asthmatic symptoms and 2.38 (0.60) L and FEV
1
 
2.01 (0.43) L among the children with dry cough 
only (Table 4).
Discussion
The aim of this work was to investigate the 
effects of short-term changes in air pollution 
on the respiratory health of children living near 
a large steel factory. We specifically wanted to 
examine which sources of air pollution could be 
shown to be responsible for the health effects.
Children with chronic respiratory symptoms 
were selected for this study on the basis of previ-
ous knowledge that symptomatic children might 
be more susceptible to the effects of air pollution 
than healthy children (Pope and Dockery 1992, 
Timonen and Pekkanen 1997, Boezen et al. 
1999). All the children included to the study had 
chronic respiratory symptoms. This is in accord-
ance with the result that their average pulmonary 
function measured by vitalography was under 
100% from the predicted values. We used the 
same methods as in the PEACE study in Kuopio, 
Finland, and the study was conducted over the 
same time scale. An association of respiratory 
health problems with particulate air pollution 
was found among children with asthmatic symp-
toms in Kuopio (Timonen et al. 1998).
The prevalence of a doctor’s diagnosis 
Table 2. adjusted1) associations of morning or evening 
PeF deviations among children with chronic respiratory 
symptoms with 24-hour levels of air pollutants (Pm2.5, 
Pm10 and reflectance).
 n morning PeF evening PeF
   
   r se r se
Pm2.5
 lag 0 93   –0.004 0.023
 lag 1 93 –0.040 0.061 –0.001 0.024
 lag 2 92 0.029 0.063 0.019 0.024
 lag 3 91 –0.020 0.063 –0.009 0.026
 lag 4 90 –0.062 0.061 –0.006 0.027
 D 4 87 –0.143 0.156 0.030 0.079
Pm10
 lag 0 90   –0.013 0.056
 lag 1 90 –0.036 0.029 –0.005 0.053
 lag 2 90 0.020 0.028 0.066 0.054
 lag 3 89 –0.008 0.028 –0.005 0.058
 lag 4 88 –0.034 0.029 –0.002 0.058
 D 4 81 –0.113 0.091 0.077 0.137
reflectance
 lag 0 92   5950 47000
 lag 1 92 –36300 56300 –10100 48700
 lag 2 91 19300 54600 58000 47400
 lag 3 90 10600 56800 26600 52600
 lag 4 89 –15800 54500 27800 51100
 D 4 86 –39800 162000 210000 136000
1)
 adjusted for time trend, relative humidity, tempera-
ture, influenza epidemic, holidays and autocorrelation. 
one pollutant was included in the model at a time.
Table 1. Prevalences of doctor-diagnosed asthma and chronic respiratory symptoms among 6–13-year-old school 
children in raahe.
 Girls (n = 572) Boys (n = 600) all (n = 1172)
 (%) (%) (%)
Doctor-diagnosed asthma 3.8 7.5 5.7
Wheezing during the last 12 months 5.6 5.3 5.5
shortness of breath with wheezing, during the last 12 months 3.3 5.2 4.3
any of the above three findings 7.7 10 9.0
Dry cough at night, during the last 12 months 14 14 14
any of the above four findings 17 19 18
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reported to have chronic respiratory symptoms 
than the girls. This is in accordance with other 
findings in Finland (Timonen et al. 1995, Remes 
et al. 1996, Remes and Korppi 1996).
The airborne pollutants chosen for exami-
nation were PM
2.5
, PM
10
, reflectance of PM
2.5
 
filters, SO
4
2– and the elements Fe, Al, Cu, K 
and Zn. The particles were chosen on the basis 
of several epidemiological reports that particles 
have harmful effects on the respiratory health of 
children and adults (Peters et al. 1997, Timonen 
and Pekkanen 1997, Boezen et al. 1998, Delfino 
et al. 1998, Boezen et al. 1999, Osynsanya 
et al. 2001, Penttinen et al. 2001, Pope et al. 
2002). SO
4
2– and the elements Al, K, Cu and 
Zn had previously been found to be markers of 
pollution sources in Raahe (Oravisjärvi et al. 
2003). It has been reported that iron pollutants 
in the atmosphere can be deleterious to humans. 
The inhalation of iron oxide by workers in the 
metal industries may result in the deposition 
of iron particles in the lungs (measured values 
of Fe over 10 mg m–3), producing an X-ray 
appearance resembling silicosis (Gurzau et al. 
2003). Exacerbations of respiratory symptoms 
and respiratory medication use among adults 
living near a steel factory in Wijk aan Zee, the 
Netherlands, were found to be associated with 
both PM
10
 and airborne iron (concentration was 
0–6.95 µg m–3) and acute changes in respiratory 
health were associated with PM
10
 (Dusseldorp 
et al. 1995). The daily iron concentrations in the 
particulate air pollution at Raahe as measured 
in winter 1998 varied from 0.024 to 3.4 µg m–3 
(Oravisjärvi et al. 2003).
Air pollution levels in Raahe during the 
period examined here were generally low, and 
Table 3. adjusted1) associations of morning or evening 
PeF deviations among children with chronic symptoms 
with 24-hour levels of the elements (al, K, cu, Fe, Zn 
and so42–) in Pm2.5.
 n morning PeF evening PeF
   
   r se r se
al
 lag 0 93   1.77 7.74
 lag 1 93 –8.42 8.59 –1.39 7.45
 lag 2 92 –3.85 8.62 6.01 7.41
 lag 3 91 12.2 8.5 2.21 7.93
 lag 4 90 –8.71 8.31 –5.24 7.93
 D 4 87 –23.5 26.6 0.503 23.7
K
 lag 0 93   –0.003 0.587
 lag 1 93 –0.339 0.65 –0.046 0.559
 lag 2 92 0.549 0.659 0.427 0.565
 lag 3 91 0.111 0.641 –0.019 0.591
 lag 4 90 –0.301 0.641 –0.202 0.607
 D 4 87 0.366 2.04 0.309 1.84
cu
 lag 0 93   –104 114
 lag 1 93 –21.2 125 36.1 107
 lag 2 92 –131 127 44.7 110
 lag 3 91 280* 122 –117 116
 lag 4 90 –62.8 125 45.7 119
 D 4 87 254 376 25.3 346
Fe
 lag 0 93   0.154 0.445
 lag 1 93 0.375 0.49 0.052 0.423
 lag 2 92 0.511 0.494 0.522 0.425
 lag 3 91 0.383 0.487 0.134 0.451
 lag 4 90 –0.379 0.483 –0.043 0.458
 D 4 87 1.55 1.05 0.597 0.989
Zn
 lag 0 93   –4.39 3.98
 lag 1 93 3.09 4.48 6.1 3.79
 lag 2 92 5.93 4.45 –0.928 3.86
 lag 3 91 –6.2 4.24 4.77 3.97
 lag 4 90 6.91 4.33 –1.5 4.16
 D 4 87 18.5 12.1 15.4 11
so42–
 lag 0 92   –19.8 21.8
 lag 1 92 –21.7 23.7 2.3 20.9
 lag 2 91 –4.72 24.4 20.1 21.8
 lag 3 90 –20.1 23.6 –12.1 22.1
 lag 4 89 –26.1 23.7 –22.9 22.5
 D 4 83 –63 47.8 –9.52 46
1)
 adjusted for time trend, relative humidity, tempera-
ture, influenza epidemic, holidays and autocorrelation. 
one pollutant was included in the model at a time.
* p < 0.05.
Table 4. results of pulmonary function tests among the 
children (n = 32) with chronic respiratory symptoms.
 mean min max sD
FVC
measured (l) 2.4 1.1 3.7 0.7
Percentage of predicted 85 58 122 160
FEV1    
measured (l) 2.0 1.0 3.2 0.6
Percentage of predicted 80 57 104 120
Fvc = forced vital capacity, Fev1 = forced expiratory 
volume in one second.
asthma at any time was 5.7% among these pri-
mary school children, the boys more often being 
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the levels did not exceed the accepted values for 
any of the toxic compounds monitored (Oravis-
järvi et al. 2003). The study was conducted 
during the winter, when most particles originate 
from combustion processes and the temperature 
mostly remained below 0 °C. There is only one 
major source of air pollution in the area, namely 
the steel factory. By contrast, it has been reported 
that the main air pollution sources in Kuopio, 
Finland, are soil and street dust and the burning 
of heavy fuel oil (Hosiokangas et al. 1999). The 
steel factory in Raahe is close to the sea, and 
when the wind was blowing from that direction 
towards the air pollution monitoring site, it was 
bringing with it clean air masses to dilute the 
emissions. This may be one reason why air pol-
lution levels were low in Raahe (Oravisjärvi et 
al. 2003).
No significant associations were found 
between PEF and either PM
2.5
, PM
10
 or the 
reflectance of the PM
2.5
 filters, and there was 
no clear pattern in the associations between the 
respiratory symptoms and Fe. No significant 
associations were found between either respira-
tory symptoms or PEF and the markers Al, K, 
SO
4
2– and Zn.
The only statistically significant association 
was observed between morning PEF and Cu 
(lag 3), but the meaning of this correlation is 
obscure, because morning or evening PEF had 
no significant association with the other Cu vari-
ables, i.e. lag 1, lag 2, lag 4 or D 4, and in addi-
tion the regression coefficient was positive with 
Cu (lag 3) but negative with the other variables. 
It is therefore difficult to draw any conclusions 
from this correlation. There are some reports, 
however, suggesting that transition metals (salts 
of iron and copper) are highly oxidative and 
reactive in biological systems, and that transition 
metals derived from fuel combustion are present 
in particulate matter along with ultrafine particles 
(Donaldson et al. 2001). Wilson et al. (2002), by 
studying interactions between ultrafine carbon 
black particles and transition metals, found that 
both of these generated oxidants with a chemical 
potential in a cell-free system, but that the effect 
of transition metals was diminished in the pres-
ence of macrophages because the metals were 
effectively sequestered by the cells. Transition 
metals still have little effect on the macrophage 
cell in vivo, but they may have a proinflamma-
tory effect on epithelial cells. The average daily 
copper concentration in the ambient air of Raahe 
was low, the concentrations varying from 0.3 
to 12.5 ng m–3 (Oravisjärvi et al. 2003). Expo-
sure to high levels of copper can be harmful, 
and the breathing of high levels of copper can 
cause respiratory irritation, including sneezing, 
thoracic pain, coughing and runny nose. Expo-
sure to inhaled copper is clearly less serious in 
the general population, however (ATSDR 2004), 
although the exposure of children to copper is 
likely to increase in areas where copper con-
centrations in the air are expected to be high 
and near lead smelters. Exposures measured 
in terms of copper concentrations in children’s 
teeth increased with decreasing distance from 
the smelters (Blanuša et al. 1990).
A significant association between PM
10
 and 
health effects among children with asthmatic 
symptoms was found in the PEACE panel study 
in Kuopio, Finland, but not among children with 
cough only (Nemmar et al. 2004). In the present 
cases the population examined consisted of both 
children with asthmatic symptoms and children 
with cough only, with no division made between 
them, because the number of children included 
in the series altogether was small (n = 50). Raahe 
is a small town with only about 23 000 inhab-
itants. The heterogeneity of the symptomatic 
children could be one reason why there was no 
association between health effects and air pollu-
tion. Asthmatic children have been shown to be 
more sensitive to the effects of air pollution than 
non-asthmatic ones or children with only cough 
(Koenig et al. 1993, Roemer et al. 1993, Hoek 
and Brunekreef 1994, Neas et al. 1995, Timonen 
and Pekkanen 1997), but some previous studies 
have found an effect of particulate pollution on 
health among non-asthmatic children as well 
(Pope and Dockery 1992, Hoek and Brunekreef 
1994). The present average 24-hour concentra-
tions of PM
10
 were lower than in the above cases, 
however.
There was an influenza epidemic during the 
period concerned here, which reduced morning 
and evening PEF values between 16 February 
and 15 March 1998. The range of daily PEF 
values was small most of the time, but high at 
the time of the influenza epidemic. It is also very 
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likely that the children included in the present 
series had influenza, because they lived close 
together and were from the same schools. The 
time of the influenza epidemic was included in 
the analyses as a confounder in the linear multi-
variate first-order autoregressive model, and it is 
very interesting that the concentrations of PM
2.5 
and PM
10
 were highest at the same time.
In conclusion, a negative association was 
found here between respiratory health among 
symptomatic children who lived near a steel fac-
tory and particulate air pollution from various 
sources, but it was not statistically significant. 
The only statistically significant association was 
observed between morning PEF and Cu (lag 3), 
but this is difficult to assess and more investiga-
tions would definitely be needed to evaluate its 
significance.
Acknowledgements: We thank Tarja Wiikinkoski for her 
assistance with the measurements and the asthma nurses 
working for the Raahe District Board of Health and the 
teachers employed by Raahe Municipal Council for their 
advice regarding the children and their parents, and also all 
the children and parents who took part in this study. Prof. 
Riitta Keiski of the Department of Process and Environmen-
tal Engineering, University of Oulu, Finland, is acknowl-
edged for her expertise and advice and for providing working 
facilities in her laboratory. This study was supported finan-
cially by Rautaruukki Oyj, Raahe Municipal Council, Raahe 
District Board of Health, the Walter Ahlström Foundation 
and the Maj and Tor Nessling Foundation.
References
Anon. 1998. The Finnish Pollen Bulletin, vol. 23. Aerobiol-
ogy unit, University of Turku.
ATSDR 2004. Toxicological profile for copper. Agency for 
Toxic Substances and Disease Registry, Department 
of Health and Human Services, Public Health Service, 
Atlanta, GA.
Blanuša M., Ivicic N. & Simeon V. 1990. Lead, iron, copper, 
zinc and ash in deciduous teeth in relation to age and 
distance from a lead smelter. Bull. Environ. Contam. 
Toxicol. 45: 478–485.
Boezen M., Schouten J., Rijcken B., Vonk J., Gerritsen J. & 
van deer Zee S. 1998. Peak expiratory flow variability, 
bronchial responsiveness, and susceptibility to ambient 
air pollution in adults. Am. J. Respir. Crit. Care. Med. 
158: 1848–1854.
Boezen H.M., van deer Zee S.C., Postma D.S., Vonk J.M., 
Gerritsen J., Hoek G., Brunekreef B., Rijcken B. & 
Schouten J.P. 1999. Effects of ambient air pollution on 
upper and lower respiratory symptoms and peak expira-
tory flow in children. Lancet 353: 874–878.
Brunekreef B. 1993. Effects of short-term changes in urban 
air pollution on the respiratory health of children with 
chronic respiratory symptoms. Study procedures for 
collaborative study funded by the Commission of the 
European Communities in the framework of the ‘ENVI-
RONMENT’ RDT programme. Wageningen Agricultural 
University, Wageningen.
Brunekreef B., Groot B., Rijken B., Hoek G., Steenbekkers 
A. & de Boer A. 1992. Reproducibility of childhood res-
piratory symptom questions. Eur. Respir. J. 5: 930–935.
Chalupa D.C., Morrow P.E., Oberdörster G., Utell M.J. & 
Frampton M.W. 2004. Ultrafine particle deposition in 
subjects with asthma. Environ. Health. Perspect. 112: 
879–882.
Delfino R.J., Zeiger R.S., Seltzer J.M. & Street D.H. 1998. 
Symptoms in pediatric asthmatics and air pollution: 
differences in effects by symptom severity, anti-inflam-
matory medication use and particulate averaging time. 
Environ. Health. Perspect. 106: 756–761.
Dusseldorp A., Kruize H., Brunekreef B., Hofschreuder P., 
de Meer G. & van Oudvorst A.B. 1995. Associations of 
PM
10
 and airborne iron with respiratory health of adults 
living near a steel factory. Am. J. Respir. Crit. Care. 
Med. 152: 1932–1939.
EPA 2001. Air quality criteria for particulate matter, vol. II. 
EPA Research Triangle Park, US Environmental Protec-
tion Agency, North Carolina.
Gold D.R., Litonjua A., Schwartz J., Lovett E., Larson A., 
Nearing B., Allen G., Verrier M., Cherry R. & Verrier 
R. 2000. Ambient pollution and heart rate variability. 
Circulation 101: 1267–1273.
Gurzau E.S., Neagu C. & Gurzau A.E. 2003. Essential 
metals-case study on iron. Ecotoxicol. Environ. Safety 
56: 190–200.
Hoek G. & Brunekreef B. 1994. Effects of low-level winter 
air pollution concentrations on respiratory health of 
Dutch children. Environ. Res. 64: 136–150.
Hosiokangas J., Ruuskanen J. & Pekkanen J. 1999. Effects 
of soil dust episodes and mixed fuel sources on source 
apportionment of PM
10
 particles in Kuopio, Finland. 
Atmos. Environ. 33: 3821–3829.
Hosiokangas J., Vallius M., Ruuskanen J., Mirme A. & 
Pekkanen J. 2004. Resuspended dust episodes as an 
urban air-quality problem in subarctic regions. Scand. J. 
Work Environ. Health 30, Suppl. 2: 28–35.
Janssen N.A.H., Lanki T., Hoek G., Vallius M., de Hartog 
J.J., Van Grieken R., Pekkanen J. & Brunekreef B. 2005. 
Associations between ambient, personal, and indoor 
exposure to fine particulate matter constituents in Dutch 
and Finnish panels of cardiovascular patients. Occup. 
Environ. Med. 62: 868–877.
Koenig J.Q., Larson T.V., Hanley Q.S., Rebolledo V., Dumler 
K., Checkoway H., Wang S.Z., Lin D.Y. & Pierson W.E. 
1993. Pulmonary function changes in children associated 
with fine particulate matter. Environ. Res. 63: 26–38.
Neas L.M., Dockery D.W., Koutrakis P., Tollerud D.J. & 
Speizer F.E. 1995. The association of ambient air pollu-
tion with twice daily peak expiratory flow rate measure-
ments in children. Am. J. Epidemiol. 141: 111–122.
Nemmar A., Hoylaerts M.F., Hoet P.H.M. & Nemery B. 
102 Oravisjärvi et al. • Boreal env. res. vol. 13
2004. Possible mechanisms of the cardiovascular effects 
of inhaled particles: systemic translocation and pro-
thrombotic effects. Toxicol. Lett. 149: 243–253.
Norušis M.J. 1992. SPSS PC+ Advanced statistics. Release 
5.0. SPSS Inc, Chicago.
Oravisjärvi K., Timonen K.L., Wiikinkoski T., Ruuskanen 
A.R., Heinänen K. & Ruuskanen J. 2003. Source con-
tribution to PM
2.5
 particles in the urban air of a town 
situated close to a steel works. Atmos. Environ. 37: 
1013–1022.
Osynsanya T., Prescott G. & Seaton A. 2001. Acute respira-
tory effects of particles: mass or number? Occup. Envi-
ron. Med. 58: 154–159.
Penttinen P., Timonen K.L., Tiittanen P., Mirme A., 
Ruuskanen J. & Pekkanen J. 2001. Ultrafine particles in 
urban air and respiratory health among adult asthmatics. 
Eur. Respir. J. 17: 428–435.
Peters A., Wichmann H.E., Tuch T., Heinrich J. & Heyder J. 
1997. Respiratory effects are associated with the number 
of ultrafine particles. Am. J. Respir. Crit. Care. Med. 
155: 1376–1383.
Pope C.A. & Dockery D.W. 1992. Acute health effects of 
PM
10
 pollution on symptomatic and asymptomatic chil-
dren. Am. Rev. Respir. Dis. 145: 1123–1128.
Pope C.A., Dockery D.W., Spengler J.D. & Raizenne M.E. 
1991. Respiratory health and PM
10
 pollution. Am. Rev. 
Respir. Dis. 144: 668–674.
Pope C.A., Burnett R.T., Thun M.J., Calle E.E., Krewski 
D., Ito K. & Thurston G.D. 2002. Lung cancer, cardi-
opulmonary mortality and long-term exposure to fine 
particulate air pollution. JAMA 287: 1132–1141.
Remes S.T. & Korppi M. 1996. Asthma and atopy in school-
children in a defined population. Acta. Paediatr. 85: 
965–970.
Remes S.T., Korppi M., Remes K. & Pekkanen J. 1996. 
Prevalence of asthma at school age: a clinical popula-
tion-based study in eastern Finland. Acta. Paediatr. 85: 
59–63.
Roemer W., Hoek G. & Brunekreef B. 1993. Effects of ambi-
ent winter air pollution on respiratory health of children 
with chronic respiratory symptoms. Am. Rev. Respir. 
Dis. 147: 118–124.
Samet J.M., Dominici F., Curriero F.C., Coursac I. & Zeger 
S.L. 2000. Fine particulate air pollution and mortality 
in 20 U.S. cities, 1987–1994. New Engl. J. Med. 343: 
1742–1749.
Timonen K.L. & Pekkanen J. 1997. Air pollution and respi-
ratory health among children with asthmatic or cough 
symptoms. Am. J. Respir. Crit. Care. Med. 156: 546–
552.
Timonen K.L., Pekkanen J., Korppi M., Vahteristo M. & 
Salonen R.O. 1995. Prevalence and characteristics of 
children with chronic respiratory symptoms in eastern 
Finland. Eur. Respir. J. 8: 1155–1160.
Timonen K.L., Nielsen J., Schwartz J., Gotti A., Vondra V., 
Gratziou C., Giæver P., Roemer W. & Brunekreef B. 
1997. Chronic respiratory symptoms, skin test results, 
and lung function as predictors of peak flow variability. 
Am. J. Respir. Crit. Care. Med. 156: 776–782.
Timonen K.L., Pekkanen J., Salonen R.O., Jantunen M.J., 
Reponen A., Hosiokangas J., Alm S., Vahteristo M. & 
Brunekreef B. 1998. Air pollution and respiratory health 
of children: the PEACE panel study in Kuopio, Finland. 
Eur. Respir. Rev. 8: 27–35.
Wilson M.R., Lightbody J.H., Donaldson K., Sales J. & 
Stone V. 2002. Interactions between ultrafine particles 
and transition metals in vivo and in vitro. Toxicol. Appl. 
Pharmacol. 184: 172–179.
